The confluence of powerful technologies of computers and network connectivity has brought explosive growth to the field of Information Technology (IT). The problem presented in this study is whether the type of learning environment where IT concepts are taught to undergraduates has a relationship to the development of IT fluency and course satisfaction. The literature suggested that, if learning environments based on constructivist learning strategies were used, students would achieve IT fluency as well as those who studied in a traditional setting but they might be more satisfied. This paper is organized as follows. First, the problem is introduced followed by a review of the definition of IT fluency, then the paper moves to discuss learning environments and other associated factors relevant to this causal-comparative analysis. Next, the research design of the study is discussed, to include the four modes of inquiry used and the research questions that guided inquiry. A detailed data analysis follows, findings are presented, and the conclusion highlights findings. Recommendations are geared to instructors in higher education business/technology programs interested in designing instruction in conjunction with constructivist learning environments.
Introduction
The definition of information technology (IT) fluency has evolved over the past 25 years and continues to evolve, as we become a society increasingly dependent on information technology. Years ago, IT fluency was associated with the ability to write a computer program using COBOL or Assembly Language (Bartholomew, 2004) often in pursuit of a computer science degree. In 1983, with Microsoft's announcement of their Windows® operating system and graphical user interface, the definition of IT fluency became synonymous with software-skills ability (Computer Science and Telecommunications Board, 1999; Microsoft, 2005) . While the demands associated with IT knowledge that are placed on college graduates are greater than they were even five years ago (Terrell, 2007) , many in business technology programs in higher education still continue to define IT fluency as the ability to use computer software (Kaminski, Switzer, & Gloeckner, 2009; Kesten & Lambrecht, 2010) . AcMaterial published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact HPublisher@InformingScience.orgH to request redistribution permission.
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Developing Information Technology Fluency cording to Kesten & Lambrecht (2010) , part of the issue is that information technology as a field of study is not unique to business and requires preparation at a variety of levels. Kaminski et al. (2009) point out that a software-skills approach to IT fluency is too slim of an approach and students do not retain software skill knowledge and/or sequential processes when the IT curriculum is so narrowly defined. Earlier studies echo these findings (Bartholomew, 2004; Chen & Ray, 2004) .
Organizations need individuals with higher-order IT competencies since they depend on IT as a conduit to innovation, transformation, and competition in a global society (Friedman, 2005; Gilpin, 2001; Moncarz, 2002; Terrell, 2007) . "The preparedness and skill levels of its workforce are critical factors in the ability of the United States to stay competitive in the 21st century" (Klein, Cavanagh, Kay, & Meisinger, 2006, p. 12 ). As such, higher education needs to do a better job of equipping students as productive and knowledgeable technology workers, not only when entering the labor market, but to provide adaptability within the labor market (U. S. Department of Labor, 1999) .
Perhaps the lack of shared understanding of what it means to be IT fluent has limited IT course curriculum development in higher education. A revised and more current definition still encompasses software proficiency, but expands it to include demonstrated knowledge of computer operations, networks, online resources, digital media, and programming (National Research Council [NRC], 1999; Snyder, 2003) . IT competency continues to rank among the top applied skills sought in entry-level workers (Klein et al., 2006; Zhao & Alexander, 2002) as rapid technology deployment and dependency continues to drive up the worldwide need for a skilled workforce. Individuals possessing high-level IT skills and conceptual knowledge are favored in the hiring process as their ability to learn new technologies lessens the amount of training they will need (Klein et al., 2006; Zhao & Alexander, 2002) . Armed with such competencies, workers would be able to grow their IT skills and knowledge over time while remaining an asset to their organization.
Literature Review

IT Fluency
An understanding that focuses on learning to learn IT is in stark contrast to a software skills approach to IT fluency, which focuses on usage of technology's tools. Studies that suggest software use represents IT fluency can result in false assumptions. Current studies evaluating the responses of Generation Y indicate that they are a powerful demographic group described as in a hurry to use grown up tools such as computers, software, and the Internet (Montgomery, 2007) . They have become highly effective at influencing their families' consumer decisions, partly due to the shift from authoritarian to more permissive parenting styles. The Kaiser Family Foundation (2009) examines media usage among a nationally representative sample of youths, reporting that children ages 8 to 18 are exposed to almost 11 hours of media in a typical day, including more than four hours spent watching television content. A large survey reported by Speak Up (2009) found youth are innovative users of technology and ultra-communicators, learn technology tasks at home with family support, demand up-to-date technology tools at school, and are frustrated with their teachers' lack of technology innovativeness. The Pew Internet & American Life Project indicates that 76 percent of respondents, ages 18-29, use the Internet for school research, followed by games, email, and instant messaging (Fox, Anderson, & Rainie, 2005) . The EduCause Center for Applied Research (ECAR) surveyed 27,846 undergraduates from 103 higher education institutions and reported they used their computer for an average of 18 hours per week to conduct school, work, and recreational activities (Borrenson-Caruso & Salaway, 2007) .
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Yet, under the revised IT fluency definition, current college students' conceptual knowledge of computer technology is in question. Three studies provide evidence of conceptual knowledge deficiencies among college students. Northwest Missouri State University reported that of the 191 students who took an IT proficiency exam, only two percent mastered it at an 80 percent rate (Hardy, Heeler, & Brooks, 2006) . At a large Midwestern university, results reveal that students' (n=91) perception of their IT fluency is far greater than actually realized (Wilkerson, 2006) . Quinnipiac University freshmen (n=800) report they learned technology tasks at home with family support, concluding that familial education may equip students to accomplish immediate goals, but it may not be sufficient to be successful in college and beyond (Hoffman & Vance, 2004) . Based on their ability to influence their families' consumer decisions regarding IT tools, demand for up-to-date technology tools, and desire to be taught using innovative techniques involving technology, one could conclude that the 1.7 million high school graduates who enroll in college every year come to the institution prepared with the technical skills, concepts, and capabilities needed for success in college and beyond (Blymier, Rockman, & Williamson, 2005) . However, a huge difference exists between using a computer and understanding how it functions, which is important to the development of the higher-order thinking processes of sustained abstract reasoning and critical thinking needed to become IT fluent (NRC, 1999; Snyder, 2003) .
Concepts taught in an IT course under the revised definition include computer organization and hardware, systems software, application software, communications and networks, and the history and social impact of living and working in an IT-based world. Table 1 provides a listing of more detailed topics taught in the course under study. History and Social Impact History, Social Issues, Safety and Security, Careers "Science and math are the universal language of technology however, unless our kids grow up knowing that universal language, they will not be able to compete" in a global context (Friedman, 2005, p. 272) . As a nation, U.S. students continue to rank lower, on average, than their international peers in both math and science, out of 30 developed nations (Cavanagh, 2007) . As IT is intertwined with math and science knowledge, the question as to how to effectively develop IT fluency in light of poor math and science skills becomes paramount. The literature suggested that if learning environments based on constructivist learning strategies were used, students would achieve IT fluency as well as those who studied in the traditional environment and course satisfaction would be higher than that of traditionally educated students. Therefore, the purpose of this research study was to examine the relationship between traditional and constructivist learning environments to IT fluency and course satisfaction in a course in which students were learning to become IT fluent under the revised definition.
Learning Environment
The theoretical framework of this study centers on conservative constructivism, the theory of how people learn that considers the engagement of learners in meaningful experiences as the essence of experiential learning (Forcier & Descy, 2002; D. Kolb, 1985; Wulf, 2005) . Constructivist theory was chosen as the framework for this study due to its humanistic, engaging, and reflective tenets that are not commonplace in IT-related courses as they tend to attract students who are more oriented to traditional methods of instruction used in learning computer programming (Kolb, 1985; Lui, Kwan, Poon, & Cheung, 2004; Naps et al, 2002; Natvig & Line, 2004; Wulf, 2005) .
The term conservative describes the degree of constructivism manifested in the type of instructional methods chosen by the instructor, the frequency of their use, and the assessment of associated products. Constructivist learning theory does not dismiss the active role of the teacher or the value of expert knowledge, nor does it devalue grades. In this study, student products were graded and final course grades awarded.
Constructivism is a recent development in cognitive psychology, influenced by the works of Bruner, Piaget, and Vygotsky (Kauchak & Eggen, 2003) , that shifts learning from a passive transfer of information and collection of facts to active problem-solving and discovery. The type of environment that supports this learning theory is one where the instructor provides interactive, collaborative, and explorative learning activities through which students formulate and test their ideas, draw conclusions and inferences, pool and convey knowledge collaboratively, and it focuses on the central role that learners play in constructing knowledge (Smaldino, Russell, Heinich, & Molenda, 2005) .
In contrast, the transmission model theory of learning suggests that students will learn facts and concepts and come to understand by absorbing the content of their instructors' explanations or by reading content explanations/definitions from a text and answering related questions. In this model, guided repetitive practice in a systematic and highly prescribed fashion through didactic lecture, teacher presentations, and lecture/discussion methods leads the student to mastery (North Central Regional Educational Laboratory, 1995) . Most often, lessons taught using the transmission model are intended to direct the predetermined sequence of instruction (Maddux, Johnson, & Willis, 2001 ).
The contrast between these two models has a long history in education, stemming from debates about progressive education. Current interest in learning models steeped in constructivist theory can be traced to the public and professional dialogues (Barr & Tagg, 1995; Cross, 1986 ) over alternative approaches to education reform that followed the publication of the Nation at Risk report (National Commission on Excellence in Education, 1983) . A dynamic shift began to occur in education in the early 1990's with the call for a more literate workforce, able to make critical judgments and decisions. Curricula reformed, creating instruction so that students would be better able to apply critical thinking skills in the study of content areas. In response to the reform, a paradigm shift began to occur in higher education from a focus on providing instruction to a focus on producing learning. As such, materials used and student outcomes from two different learning environments were evaluated in this study -traditional, using a transmission model and constructivist, using an active learning model of education (Ravitz, Becker, & Wong, 2000) .
Studies in IT-related courses evaluating the influence of learning environments on academic achievement report favorable results. Five studies using different research methods were evaluated (survey and correlation, phenomena, observation, content analysis, and experiment) to help Sardone triangulate the impact of learning environments on academic achievement and satisfaction. The results of these five studies indicate that the better the quality of the student-teacher interactions occurring in a facilitative and constructivist environment, the higher the satisfaction, confidence, and academic achievement of the student (Colbeck, Cabrera, & Terenzini, 2001; Demetriadis, Triantafillou, & Pombortsis, 2003; Gonzales, 2006; Lui et al., 2004; Whittington, 2004) . However, there remains the possibility that students considered the learning environment and associated methods, which may have influenced learning. In essence, studies leave open the question as to whether variables other than learning environment could affect IT fluency and satisfaction in a given learning environment.
Instructional Methods
Instructional methods used by teachers in traditional and constructivist-learning environments share the general attributes of context, construction, and collaboration (Jonassen as cited in Maddux, Johnson, & Willis, 2001 ) but differ in their centeredness. Traditional environments tend to be teacher-centered in design while constructivist environments tend to be student-centered. To get an idea of the instructional methods used in the learning environments under study see Table  2 later in this paper.
Contextual attributes include instructional methods that serve as mental bridges for learning. The purpose is to model the intention of the instruction for students, thereby allowing them to observe and reflect through the sharing of thoughts and ideas that provide for the consideration of alternate perspectives (Michael & Modell, 2003) . One contextual instructional method is simulation, descriptions of events or conditions that often allow the user to change variables to see the impact of that change (Maddux et al., 2001) . Simulations include computer animations, computer games, exercises, and assorted learning media that simulate learning experiences for students. Contextual methods were evaluated in a few studies, mostly involving computer programming indicated mixed results. Two studies reported that creating animations helped students better understand concepts taught (Smith & Escott, 2004; Stasko, 1997) , while another reported no statistically significant improvement when animations were used as teaching tools (Naps, et al., 2002) . In another study, computer game use was favorable due to feedback providing instant gratification (Natvig & Line, 2004) . Constructivist methods serve to build knowledge through worked examples such as writing, discussing, and reflection as a self-evaluation of progress toward conceptual understanding (Andrusyszyn & Davie, 2001) . Research studies evaluated that involved construction strategies of writing, discussing, and reflection revealed positive results (Bhagyavati, Kurkuvsky, & Whitehead, 2005; Dugan & Polanski, 2006; Syrjala, 1996) due to the methods that allowed the sharing of experiences, which led to growth through refection of learned content. Collaboration methods serve to develop negotiation skills by establishing and interacting with peer groups (Maddux et al., 2001) . The research studies evaluated revealed that group work helps students build awareness of self and others, citing listening skills, social skills, time management, and organizational skills as the top most improved skills (Backhouse, 2005; Ong, 2000; Whittington, 2004 ) developed through collaborative instructional methods.
In summary, the studies discussed in the previous section indicated that the instructional methods used produced one or more of the following results via self-report: better understanding of concepts taught, increased motivation to learn, increased course participation, improved attitudinal disposition, and increased awareness of the self and how one learns. Although it is clear that students perceived these instructional methods as positive, it is not clear if the methods of instruction correlated with academic achievement. It is important to note that the results indicated in these studies may overestimate what students think they learned, as novel instructional approaches and self-report tools may be influencing factors. To triangulate this hunch, the investigators in two of the nine studies measured student perceptions against instructor observations; confirming stated results (Backhouse, 2005; Bhagyavati et al., 2005) . Since positive findings were reported, it seems to be a given that undergraduates prefer to use active learning techniques in their college classrooms.
College Student Learning Preferences
The 1.7 million high school graduates currently entering higher education have learning preferences of trial-and-error, similar to the way they grew up playing games on a Nintendo system and the like, and favor tactile and kinesthetic learning activities (Davis, 1999; Snyder, 2003) . They represent a learning culture surrounded by digital tools -computers, software, the Internet, videogames, digital music players, video cams, instant messaging, and cell phones -and where using them daily for home and school is the norm (Kaiser Family Foundation, 2009; Speak Up, 2009 ).
Although the paradigm shift to instructional methods that befit the learning preferences of today's undergraduates began many years ago (Barr & Tagg, 1995; Cross, 2001) , lecture is still the most widely used teaching method in undergraduate classrooms (Bok, 2005 ; "Faculty Survey of Student Engagement," 2009). This method of teaching is still widely used, even when it is reported that academic success and failure depends not on student characteristics or teaching effectiveness alone, but on the interactions between the students and the learning environments, and the match between presented materials and how students process them (Abrantes, Seabra, & Lages, 2007; Drysdale, Ross, & Schulz, 2001; Young, Klemz, & Murphy, 2003) . Further, student interest is realized by the interactions they have with their instructors, in an environment that provides an opportunity to ask questions, express ideas, and have open discussions in class. The key aspect to these interactions is instructor responsiveness (Abrantes et al., 2007) . In a lecture-based classroom, student-teacher interactions are often limited. Use of classroom interaction parallels Chickering and Gamson's (1987) framework, which outlines seven engagement indicators predicted to influence the quality of undergraduate students' learning and their educational experiences. One of the principles most relevant to this study is the use of active learning techniques, which suggest that instructors use instructional methods that are effective, relevant, and satisfactory to motivate students to obtain better learning results.
Learner Characteristics
The literature reports four factors known to affect students' academic achievement in IT-related courses besides instructional methods. They are mathematical background, mathematical ability, cumulative grade point average, and learning style; these are referred to as learner characteristics. Discrete mathematics or Calculus constitutes a significant factor in academic achievement in computing courses (Pioro, 2006; Wilson & Shrock, 2001 ). In the current study, mathematical background is defined as completing Calculus or Discrete courses.
Studies reporting the mathematical ability of students, defined by the final grade on a high school math exam, were the top variable predicting academic achievement (Bennedsen & Caspersen, 2005 ). In the current study, mathematical ability was reported as math SAT score, a quantitative score received on the standardized mathematical SAT aptitude exam taken as a high school student, with a maximum possible total of 800 points. Cumulative grade point average (CGPA) is defined as the average grade earned by a student, determined by dividing the grade points earned by the number of credits attempted. It was the single largest factor in predicting the total points earned in a course that introduced fundamental technical aspects of personal computers (Kruck & Lending, 2003) and correlates with academic achievement in an introductory computer end-user technology course (Chenoweth, 2005) .
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Learning style refers to the ways in which thought is structured within an individual. Their behavioral consistency is a result of this structure (Goldstein & Blackman, as cited in Moldafsky & Kwon, 1994) . Most learning style theorists place learning preferences in distinct dimensions or modes. To measure attributes, self-reported learning style instruments are most often used, such a Kolb's, which consists of four different styles: accommodating, assimilating, converging, and diverging.
There is a reported linkage between college level learners with dominance in the assimilating and converging learning styles and academic achievement in IT-type courses using various iterations of Kolb's (LSI) classification. Results indicated that undergraduate students with a penchant toward the abstract conceptualization mode (found in Kolb's assimilating and converging learning styles) performed better in the introductory computer science courses than students with other learning style preferences (Chamillard & Karolick, 1999; Chamillard & Sward, 2005; Goold & Rimmer, 2000; Hudak & Anderson, 1990; Thomas, Ratcliffe, Woodsbury, & Jarman, 2002) . However, we still do not know enough about the relationship among all the learner characteristics in terms of how they interact with learning environment to influence academic achievement and satisfaction in IT-related courses. This was an important consideration in the current study whose main premise was that all types of learners may learn IT concepts better and experience higher levels of satisfaction when taught in constructivist environments.
Research Questions
1. What is the relationship between learner characteristics (math background, math ability, grade point average, and Kolb's four learning styles: accommodating, assimilating, converging, and diverging) and IT fluency? 2. What is the relationship between learner characteristics and course satisfaction? 3. What is the relationship between learning environment and IT fluency, after controlling for any effects associated with learner characteristics? 4. What is the relationship between learning environment and course satisfaction, after controlling for any effects associated with learner characteristics? 5. How do learning environment and learner characteristics interact to explain IT fluency? 6. How do learning environment and learner characteristics interact to explain course satisfaction?
Research Design
This causal-comparative study explored the relationships between the independent variable of learning environment to the dependent variables of IT fluency and satisfaction of students in two non-randomized groups. In addition, further exploration determined whether any differences found between the two groups were explained by another difference that existed, specifically, the moderating variables of math background, math ability, cumulative grade point average, and/or learning styles. As is the case in causal-comparative research, the investigator did not attempt to control or manipulate any variables (Creswell, 2002) . Instead, statistics were used to control for factors and to examine the combination of those factors that affected outcomes, specifically analysis of covariance.
Participants
Undergraduates (n=294) at a mid-size university in the New York metropolitan area who had completed an initial computer course, received an email invitation to participate. Institutional consent for conducting the study was obtained.
Modes of Inquiry
Data describing students' experiences and scores were collected using four instruments: ( (Myers & McCaulley, 1985) , and Felder-Soloman Index of Learning Styles (Felder & Soloman, 1991) . After evaluating the aforementioned inventories, the Kolb's Learning Style Inventory (KLSI 3.1) was chosen for applicability to research purpose and its recency and use on other studies.
Kolb is the most widely used learning style inventory measuring cognitive traits, which then categorizes learners as accommodators, assimilators, convergers, and divergers (Kolb, 1985) . Kolb identified four types of learning modes and four learning styles, where learning style is the combination of two specific learning modes and is designed to help individuals identify the way they learn from experience. The instrument contains twelve items that asked respondents to rank-order the four sentence endings in a way that best described their learning style. One sentence ending in each item corresponded to one of the four learning modes -concrete experience, reflective observation, abstract conceptualization, or active experimentation. Each of these modes is combined with another to form one specific learning style. Assimilating combines the modes of abstract conceptualization and reflective observation; accommodating combines the modes of concrete experimentation and active experimentation; converging combines the modes of abstract conceptualization and active experimentation; and diverging combines the modes of concrete experimentation and reflective observation. The four scales of Kolb's Learning Style Inventory (KLSI 3.1) show good internal consistency reliability with Cronbach's alpha coefficients for the four scales ranging from .77 to .84 and test-retest reliability greater than 0.9 in all cases (Kolb & Kolb, 2005; Stangor, 1998) .
The second instrument, Evaluation of Teaching Effectiveness, measures course satisfaction as experienced by students in a given course (Serva & Fuller, 1999) . Eight constructs of the teaching dimension were included in this instrument: class organization, active learning, media use, grading fairness, workload, student perceived performance, instructor relationship with students, and instructor knowledge of the material (Appendix A). This particular instrument was selected for use because it included two new constructs, active learning and effective media use, which were important to the study. This instrument is a Likert-scale, consisting of a series of items that indicate the degree of agreement or disagreement with the measured issue, each with a set of responses that indicate respondent opinion (Stangor, 1998) . The Evaluation of Teaching Effectiveness Scale contained 28 items, each a seven-point response continuum representing agreement, ranging from strongly disagree to strongly agree. The authors granted the researcher permission to use the instrument. The dimensions of the Evaluation of Teaching Effectiveness show fair internal consistency reliability using an Analysis of Covariance Structural method with coefficients ranging from 0.54 to 0.89 (Serva & Fuller, 1999) . Convergent validity of this instrument measuring the extent of agreement between two different measures of a theoretical construct was determined according to statistical factor loading guidelines (Stevens, 1986) . In addition, this instrument satisfied the statistical test for discriminant validity, which tests the null hypothesis that two constructs measure the same theoretical concept. (Kolb, 1985; Newland & Woelfl, 1992) . The idea was that if students other than those with converging and assimilating learning styles scored higher on the final exam than those with these preferences, then the final exam scores may have been the result of factors other than learning styles. The departmental exam was administered to all students enrolled in the course. Each participant earned a score after taking the final exam. This score was dependent variable, IT fluency.
The norming process for the Dantes Introduction to Computing test was completed by students from higher education institutions (n=550) of various sizes ranging from large state universities to small private and community colleges. Scores ranged from 20 to 80; with a mean of 50; and a standard deviation of 10. The Kuder-Richardson 20 (KR-20) internal consistency reliability coefficient for this exam was 0.91.
The fourth and final instrument used to collect data was the Learner Characteristics (Appendix B). These questions pertained to students' mathematical background, mathematical ability, and cumulative grade point average. Mathematical background was indicated with a 'yes' or a 'no' answer when asked whether the student had completed a calculus and/or discrete math course. Mathematical ability was indicated by the student as their SAT mathematical score. Last, students were asked to provide their cumulative grade point average (CGPA). Each of these was a moderating variable.
Procedures
The researcher invited 294 undergraduates who had completed a required fundamental computer course to participate in this study. The email message informed students of the voluntary nature of the study and their right to withdraw at any point. The email message asked students to authorize the release of their final exam score to the researcher. The email message contained the survey attachments. Students who opted to participate in the research study completed: (1) the Kolb Learning Style Inventory, (2) the Evaluation of Teaching Effectiveness Scale, and (3) Learner Characteristics. The surveys were then emailed back to the researcher. Follow-up via email took place after two weeks for each group. By the end of twelve weeks, 124 responses had been received. The respondents were compensated with a $10.00 gift card redeemable at the campus bookstore and offered a chance to win an iPod MP3 digital music player ($199 value) upon conclusion of the data collection process.
Data Analysis
The independent variable, learning environment at two levels (traditional and constructivist), was a dichotomous categorical variable. Two of the moderating variables, learning styles (of which there were four different styles) and mathematical background (calculus and discrete math) were also dichotomous categorical variables. The other moderating variables of mathematical ability (SAT math score) and cumulative grade point average (CGPA) were continuous variables as were the two dependent variables, IT fluency and course satisfaction.
Data describing students' experiences and scores were collected using the four instruments. The Kolb Learning Styles Inventory had items that needed to be tallied and coded according to a key provided by The Hay Group, provider of the instrument. Learning styles were coded as (1) accommodating, (2) assimilating, (3) converging, and (4) diverging. Each participant received one of these codes based on their answers. The second instrument, Evaluation of Teaching Effectiveness Scale, had items that needed reverse coding. It was determined that the total score of the scale was 196. Each survey was tallied by adding the scores on each of the 28 items together to get one composite score per survey. Composite score on this instrument was one of the dependent variables, course satisfaction. For the third instrument, Departmental Final Exam, scores were obtained from course instructors after receiving permission from participants. The exam score was the dependent variable, IT fluency. The last instrument, Learner Characteristics, had two items that needed recoding. Mathematical background indicating whether a student had a courses in calculus and/or discrete mathematics were coded (1) for yes and (0) for no.
Each of the statistical analyses was performed using predictive analytic software, SPSS for Windows (v15), with a minimum alpha of .05. An analysis of the ratio of cases to independent variables was performed, adhering to the suggested minimum requirement: N >= 50 + 8m, (where m is the number of IVs) (Tabachnick & Fidell, 2007) . This assumed a medium-size relationship between the IVs and the DVs, alpha = .05 and β = .20. Based on this assumption, a sample size of 122 was sought: [122 = 50 + 8(9)], where nine was the number of IVs to include (1) learning environment, (2) moderating variables of math background, (1) SAT math score, (1) CGPA, and (4) learning styles. This was confirmed via an apriori power analysis for ANOVA using the software program G*POWER, where a sample size of 120 was recommended (Faul & Erdfelder, 1992) .
To assure the quality of the collected data, a data screening process was completed. This began with a frequency procedure establishing mean, standard deviation, and variance to explore and address any issues of missing data, outliers, normality of distribution, homogeneity of variance, and homogeneity of regression slopes using the SPSS Explore function. Due to the existence of asymmetric suspicious outliers, four cases were eliminated from the sample, improving the distribution significantly, thus reducing the sample to 120 cases; 53 students in the traditional and 67 students in the constructivist-learning environment. Q-Q plots revealed normal distributions for both of the dependent variables.
To confirm that students in the traditional learning environment and the constructivist learning environment were comparable, independent samples t-tests were conducted (p = .05 level of confidence). These tests compared the two groups on potentially relevant variables of learning styles, cumulative grade point average, math background (discrete math and/or calculus), and mathematical ability (SAT math score). Data on these variables were collected from the Learner Characteristics and the Kolb Learning Styles Inventory. There were no significant differences between the students in the two learning environments with respect to learning styles, cumulative grade point average, discrete math, and SAT math score. There was a significant difference between the two learning environments regarding the variable calculus, where more students in the traditional environment (M=.51; SD=.505) had a background in calculus than students in the constructivist learning environment (M=.27; SD=.447) (p=.007).
To test for the existence of mean differences in IT fluency based on instructor, a one-way analysis of variance (ANOVA) technique was administered. Results indicated no statistically significant difference existed among the four instructors in relationship to IT fluency, F(3, 116) = 1.075, p =. 363. To test the time of day the course met for mean differences in IT fluency, another one-way analysis of variance (ANOVA) test was conducted. The results indicated that no statistically significant difference existed between the time of day the section met and IT fluency, F(1, 118) = .066, p = .797.
To determine if a relationship existed between the two dependent variables, IT fluency and course satisfaction, a scatter plot was created. The visual impression confirmed that the dependent variables, IT fluency and course satisfaction, were independent of one another; meaning a score on one variable did not predict the score on the other variable. Therefore, any further analyses combining these two variables were not warranted. This was important to determine prior to running the data analysis because if the two dependent variables were related, a different statistical analy-Sardone sis would have been performed; specifically, a multivariate analysis of covariance (MANCOVA) technique.
Research data needed to satisfy certain statistical assumptions before the analysis of covariance (ANCOVA) could be tested were confirmed. A preliminary ANCOVA was conducted to test for homogeneity of variance and homogeneity of regression slopes for both of the dependent variables to determine if significant interaction(s) between the covariates and the factors was present. Levene's Test for equal variances indicated that variances between groups were fairly equivalent for the dependent variable, IT fluency, F(1, 118) = .098, p = .755. Levene's Test for equal variances indicated that variances between groups were fairly equivalent for the dependent variable, course satisfaction, F(1, 119) = 2.449, p = .120. The test of the homogeneity of the regression slopes indicated no significant interactions between the factors and the covariates for effect on IT fluency or for effect on course satisfaction.
To determine whether a relationship existed between the independent and dependent variables in this study, an analysis of covariance (ANCOVA) statistical technique was conducted. Another ANCOVA was then further tested to determine if any differences found between the groups was explained by another variable(s); specifically, the moderating variables of math background, math ability, cumulative grade point average, and/or learning styles. This technique (ANCOVA) was chosen because it merged numerous statistical tests into one: analysis of variance, covariance, and linear regression. Since known predictors of IT fluency were included in the data set, the AN-COVA tested whether certain factors had an effect after removing the variance for which the quantitative predictors (covariates) accounted. Also, the ANCOVA technique allowed for the creation and analysis of any interactions between pairings of independent and moderating variables (Mertler & Vannatta, 2002) . Interactions were created as a cross-product of the independent variable (learning environment) and the predictor variables. This determined the specific amount of variance that any of the moderating variables accounted for, beyond what had been previously explained.
Findings
Research Question One: "What was the relationship between learner characteristics (math background, math ability, cumulative grade point average, and Kolb's four learning styles: accommodating, assimilating, converging, and diverging) and IT fluency?" To answer this research question, an analysis of covariance (ANCOVA) technique was performed to fit a full model that included all learner characteristics to determine if a relationship existed between any of these variables and the dependent variable, IT fluency. The statistical significance of all eight variables was tested by the F ratio. However, the results of the full model were contrary to the learning styles literature, where assimilating learning style is a well-founded predictor of academic achievement in IT-related courses. To take a closer look at this particular variable, a further reduced model was tested by the F ratio. The ANCOVA result indicated a significant main effect for cumulative grade point average, F(1,116) = 22.6, p < .000, partial eta squared .163; a significant main effect for SAT math, F(1, 116) = 9.601, p = .002 partial eta squared .076; and a significant main effect for assimilating learning style, F(1, 116) = 3.949, p = .049, partial eta squared .033. In the reduced model, learning style was found to have a relationship with IT fluency, where students with assimilating learning style studying in the traditional environment scored higher on the final exam than other students in the traditional environment. Yet, the final exam scores for students in the traditional environment (M=.21; SD=.409) were not statistically significant as compared to the constructivist group environment (M=.18; SD=.386). It is important to note that the type of assessment used to measure IT fluency was a single-best-answer, multiple-choice exam, in which converging and assimilating learners have a performance advantage (Kolb, 1985; Newland & Woelfl, 1992) . According to the research literature, using such a format should have resulted in the traditional group performing statistically higher compared to students in the constructivist group, which did not happen.
Research Question Two: "What was the relationship between learner characteristics (math background, math ability, cumulative grade point average, and four learning styles) and course satisfaction?" To answer this research question, an analysis of covariance (ANCOVA) technique was performed to fit a full model including all eight moderating variables associated with learner characteristics to determine if a relationship existed between these variables and the dependent variable, course satisfaction. The statistical significance of the eight variables was tested by the F ratio. ANCOVA result for the full model indicated a significant main effect for cumulative grade point average, F(1, 112) = 5. Research Question Three: "What was the relationship between learning environment and IT fluency, after controlling for any effects associated with learner characteristics?" To answer this research question, an ANCOVA technique was performed, adding the independent variable, learning environment, to the reduced model to determine if a relationship existed between the independent variable (learning environment) and the dependent variable (IT fluency) while controlling for known main effects (cumulative grade point average, SAT math, and assimilating learning style). ANCOVA result indicated no statistically significant relationship for any factors, as follows: learning environment and cumulative grade point average F(1,112) = 2.505, p = .116, partial eta squared .022; learning environment and SAT Math F(1,112) = .869, p = .353, partial eta squared .008; also, learning environment and assimilating learning style F(1,112) = .112, p = .738 partial eta squared .001. Although IT fluency did not vary significantly with learning environment after controlling for the known effects, it may have been the learner characteristic factors of SAT math, assimilating learning style, and specifically, cumulative grade point average, outweighed any additional effects.
Research Question Four: "What was the relationship between learning environment and course satisfaction, after controlling for any effects associated with learner characteristics?" To answer this research question, an ANCOVA technique was performed, adding the independent variable, learning environment, to the reduced model to determine if a relationship existed between the independent variable (learning environment) and the dependent variable (course satisfaction) while controlling for known main effects (cumulative grade point average and accommodating learning style). ANCOVA result indicated no statistically significant relationship for any factors, as follows: course satisfaction and cumulative grade point average F(1,114) = .023, p = .879 partial eta squared .000; also, course satisfaction and accommodating learning style F(1,114) = .034, p = .853 partial eta squared .000. Although course satisfaction did not vary significantly with learning environment after controlling for the known effects, it may have been the learner charac- To determine the type of activities that were designed for each learning environment, an analysis of instructors' syllabi was completed. Attention was given to the type and frequency with which instructor practice matched the general attributes of instructional strategies: contextual, construction, and collaboration. Table 2 lists the types of activities used in the instructors' practice, created to determine if differences existed in the teaching materials among the two study groups: traditional and constructivist.
Differences were found in each of the three categories. In the contextual category, instructors who taught in the constructivist environment provided more opportunities for learning course content through student presentations, digital learning game play, and peer feedback than in the traditional environment. The traditional environment had a greater frequency of quizzes, lectures, and use of the direct instruction method of teaching. In the construction category, students had the opportunity to develop their online portfolio, write reflectively, and engage in both class discussions and media resources as a way to build their knowledge in the constructivist environment while the traditional environment asked students to perform more structured activities such as writing a research paper and responding to a provided ethical case study. Lastly, the number and type of collaboration activities varied by learning environment. The constructivist environment provided greater amounts of group work and problem-solving activities than the traditional environment, although this environment did provide the opportunity to work in pairs.
To determine if the noted differences were statistically significant, an Independent Sample t-test compared participants' responses on the Evaluation of Teaching Effectiveness scale, grouped by learning environment. The eight constructs of the teaching dimension included in this instrument were class organization, active learning, media use, grading fairness, workload, student perceived performance, instructor relationship with students, and instructor knowledge of the material. Differences were found on items within the dimensions of active learning, class organization, media use, workload, and student perceived performance.
Statistically significant differences were found on items associated with the active learning dimension in terms of instructional methods used. On the item "instructor promoted discussion," the means differed significantly at the p < .001 level (2-tailed), where students in the constructivist environment scored higher (M=6.67; SD=.561) than the traditional group (M=6.06; SD=1.099). The next finding was item "instructor raised challenging questions," had means that differed significantly at the p < .001 level, (2-tailed), where instructors in the constructivist envi- 
Construction Strategies
Peer Feedback X X
Online Portfolio Development
X X
Research Paper X X
Class Discussions X X
Reflective Journals X X Case Study X X
Collaboration Strategies
Group Work X X
Assessment Strategies
Student Presentations
Final Exam X X X X Statistically significant differences were found on an item associated with the class organization dimension. Students in the constructivist learning environment (M=6.37; SD=.648) reported a greater understanding of the course objectives than students in the traditional environment (M=6.02; SD=.888), where the means differed on the item "course objectives were clearly defined," statistically significant at p = .013 (2-tailed). On the media use dimension, the Independent Samples t-test indicated that the means on the item "instructor used media effectively," differed significantly at the p = .040 (2-tailed), where instructors in the constructivist group (M=6.78; SD=.487) scored higher than instructors in the traditional group (M=6.51; SD=.823). Significant differences were also found on the item "media used helped make the course interesting" where the mean in the constructivist group (M=6.27; SD=.863) was statistically significantly higher than the mean in the traditional group (M=5.64; SD=1.210) p = .002 (2-tailed).
On the student perceived performance dimension, statistically significant mean differences (p=.031; 2-tailed) were found on the item "I learned a lot from the course," where the mean in the constructivist learning environment (M=6.09; SD=.917) was higher than the mean in the traditional group (M=5.62; SD=1.319). Interestingly, although the perceived amount of learning and clarity of expectations were significant in the constructivist group, the workload, another dimension, differed in the two environments. Items "course covered too much material" (p = .008, 2-tailed) and "assignments were too difficult" (p = .034, 2-tailed) were statistically higher in the constructivist environment. The item "course covered too much material" was higher (M= 3.85; SD=1.672) than the traditional group (M=3.02; SD=1.704) and item "assignments were too difficult" was higher in the constructivist group (M=2.07; SD=1.172) compared to the traditional group (M=1.68; SD=.850).
These findings exposed learning differences in the two environments and indicated how these differences, tied to instructional methods and materials used in college classrooms, may have affected IT fluency. These findings are similar to prior research studies that suggested students learn more in environments where instructional methods are congruent with their preferences such as using active learning techniques.
Conclusions
The major conclusion that can be drawn based on the findings of this study are constructivistlearning environments where active learning strategies are used negate the influence of preferred learning style. In addition, students are challenged by rigorous academic curricula and favor certain instructional methods and strategies, deeming them as significant to their learning.
Finding One: There was no statistical difference in IT fluency based on the environment [traditional or constructivist] in which students studied. However, in the constructivist group, no relationship was found between an individual's preferred learning style and IT fluency, meaning that active learning strategies negate the influence of preferred learning style. This is in contrast to the traditional learning environment, where students who had assimilating leaning style preferences performed better than other students who studied in the same environment. This finding indicates that active learning strategies found in constructivist environments meet the learning preferences of all students.
Finding Two: Specific instructional methods and processes were perceived as more appealing to students studying in the constructivist environment. Therefore, it is suggested that the constructivist methods used were motivating, engaging, and fit the ways in which these students wanted to learn and interact with their instructor. Examples of the active learning methods used were student presentations, simulations and game play, peer feedback, development of online portfolios, use of media resources, reflective writing exercises, engagement in class discussions, and group work. The specific instructional strategies used by the instructors in the constructivist environment included (i) raising challenging questions for students; (ii) promoting discussion; (iii) using varied media effectively; and (iv) providing challenging assignments.
There were some weaknesses in the research methodology used in this study. First, there was a decisive gap between the time participants completed the course and the time when asked to answer the survey questions, which is in line with the reflection literature. However, the amount of time given to each participant was not even. Some participants had two years, while others had six months to think about what they learned in the course. The correct amount or effects of an uneven amount of time provided to people to engage in reflective activities is, at present, not found in the reflection literature. Second, this was a sample of convenience in a university setting and students were required to enroll in the computer course. The generalizability of this study is limited insofar as the learning style inventory, course satisfaction survey, and learner characteristics are all self-report measures. Moreover, participants were enrolled at a mid-sized university in the New York metropolitan area that supports learning through information technology initiatives.
Recommendations
The following recommendations are geared to two audiences: (i) instructors in higher education technology programs interested in designing instruction in conjunction with constructivist learning environments, and (ii) researchers. It is recommended that college instructors in business/technology programs consider using constructivist environments as they produce both high exam scores and high levels of course satisfaction and negate any learning style biases.
Deployment of constructivist learning environments based on active learning strategies are advised in an effort for students to become IT fluent and, thus, provide a foundation for adaptability within the labor market. An IT fluent student would have the skills, concepts, and intellectual capabilities related to information in terms of its representation, structure, organization, processing, transmission, distribution, and the technologies involved in the interactive execution of those activities--computers, networks, and software. IT fluency learned in a constructivist environment may increase the number of students attracted to math and science fields. Active methods of instruction engage students to the point where they are often unaware of how much they are learning at the time due to deep immersion in learning tasks. Yet, once students are asked to reflect, realization of the depth and breadth of their learning occurs.
Since reflective thinking does not necessarily occur as part of natural undergraduate development, it is recommended that instructors model the reflective process and provide assignments that elicit self-evaluative responses. Within the constructivist environment, it is advised that the following active learning methods of instruction be used: student presentations, simulations and game play, peer feedback, development of online portfolios, use of media resources, reflective writing exercises, engagement in class discussions, and group work. The specific instructional strategies suggested for use in the constructivist environment include (i) raising challenging questions for students, (ii) promoting discussion, (iii) using varied media effectively, and (iv) providing challenging assignments deemed relevant for learning.
An example of a learning activity designed for a constructivist environment would involve learning how digital data is represented and processed. First, students would watch a simulation teaching that computers only understand machine language and, yet, input is done using "human language" via input devices like a computer keyboard. Students would watch and learn how letters on a computer keyboard are translated into data bits (binary code), which travel along a data bus on a computer motherboard. Then, actual laptop motherboards would be provided to students working in small groups. Students would be provided with a challenging task, such as determine the IPOS cycle (Input-Processing-Output-Storage) by identifying the data path from input device to processor to output device to storage device.
Further, use of the Kolb Learning Styles Inventory is encouraged as it provides a starting point for curricular design. Results provide instructors with a window into their students' individual and aggregate learning preferences and its use conveys a message of caring, creating the first of many student-teacher interactions advised for use in constructivist environments.
A pre/post design is recommended for future research measuring students' pre-course knowledge of IT concepts to determine if differences in IT fluency and course satisfaction at course-end are related to learning environment. Also, a qualitative study is advised; perhaps a case study following participants throughout a semester to gauge their level of conceptual IT knowledge. This may provide insight as to how they solve real-life IT problems and how learning style and learning environment are related to contextual problem-solving. In addition, other conceptual frameworks might provide an idea as to how motivated today's students are to learn about IT concepts at the Sardone college level. The literature points to students as high technology users with low conceptual knowledge. As such, students may not be aware of how little they know about IT and when faced with the unfamiliar, they may lack motivation to learn. As a psychological construct, computer self-efficacy is believed to play a critical role in self-motivation, especially when a certain level of motivation is necessary to initiate coping with unfamiliar tasks. Therefore, it is recommended that students' computer self-efficacy as a measure of motivation be determined pre-treatment to see if this variable affects IT fluency and/or course satisfaction.
